Studies of the incidence of pertussis in adults have shown that it accounts for only 5-15% cases of prolonged coughing. We assessed the burden of suffering related to prolonged coughing and tried to identify further causative agents. Based on a sentinel study with 35 general practitioners in two German cities (Krefeld, Rostock), with 3,946 patients fulfilling the inclusion criteria, we estimated the incidence of prolonged coughing in adults. In 975 of these outpatients, PCR and/or serology for adenovirus, Bordetella pertussis and B. parapertussis, human metapneumovirus, influenza virus A and rhinovirus, parainfluenza virus, Mycoplasma pneumonia, and respiratory syncytial virus (RSV) were performed. Treatment data were extracted for a subgroup of 138 patients. Descriptive statistics, including Kaplan-Maier curves were generated. Yearly incidence ranged between 1.4 and 2.1% per population in the two cities. Adult patients sought medical attention only after a median of 3 weeks of coughing. Irrespective of smoking and unrelated to the identified pathogens, the median duration of coughing was 6 weeks, with an interquartile range of 4-11 weeks. In 48.3% of patients, possible pathogens were identified, among which adenovirus (15.1%), RSV (7.5%), B. pertussis (5.6%), and influenza viruses (4.0%) were most often found. Symptoms were not indicative of a specific agent and a total of 64% of patients received antibiotics. Prolonged adult coughing requiring medical attention prompts substantial healthcare use. Apart from B. pertussis, a broad range of pathogens was associated with the symptoms. However, patients sought medical attention too late to guide efficacious therapeutic interventions using the diagnostic tests.
Introduction
Studies of the incidence of infections with Bordetella pertussis in adults presenting with prolonged dry coughing spells without much malaise and mostly without fever [1, 2] have reproducibly shown that pertussis accounts for only 5-15% of these cases. Even in a vaccine trial of an acellular pertussis vaccine in adults with active surveillance of all coughing episodes lasting more than 1 week, only around 5% were caused by B. pertussis [3] . We therefore wondered, which other agents might be responsible for prolonged coughing in nonpertussis cases. We had the opportunity to address this question in a data set originally collected to generate estimates about the population incidence of adult pertussis in Germany [4] . In this dataset, the available biological samples allowed us to extend the diagnostic tests to various pathogens known to be related to acute respiratory infections (ARI) [5] .
In contrast to pediatric infections caused by the same microorganisms, adult disease is usually no primary infection, and the symptoms of re-infections may be different. Almost all adult outpatients with respiratory symptoms are seen by general practitioners (GP) and internists. Most of the diseases do not require antibiotic treatment, whereas those caused by Bordetella spp. or Mycoplasma spp. might.
The objective of this study was to describe the overall burden of disease of prolonged coughing in adults, to find out which microorganisms contributed to prolonged coughing, and to assess whether specific clinical symptoms could distinguish between different agents.
Patients and methods

Patients
Patients were recruited by GPs and internists, who were working in general internal medicine (summarized as GPs) in Krefeld (KR) and Rostock (HRO), Germany. 
Inclusion criteria
Adult patients (≥18 years), who coughed for 7 days or more and who sought medical attention could be included. Patients, who were treated for chronic respiratory diseases, such as COPD, were excluded. Patients participating in other studies were also excluded upon request by the ethical committees. Clinical data about symptoms, contacts, and duration of coughing were collected by two questionnaires, the second to be sent back when symptoms had subsided.
To estimate the population-based incidence, all sentinels individually reported the overall numbers of patients treated during the observation period. From a total of 138 randomly selected patients in practices with an electronic database and willing to contribute to this subset, all relevant treatment data were collected individually by analyzing all available medical records in the respective sentinels by three of the authors (ML, MR, CHWvK).
Incidence estimates
The city of HRO in former East Germany had a mean adult (>18 years) population of 170,067 during the study period, and KR in former West Germany had a mean adult population of 195,361. Consultation numbers for statutorily insured patients were made available from the BKassenärztliche Vereinigungen^in HRO and KR. The proportion of privately insured patients was estimated to be 5.0% in HRO and 7.7% in KR. During the study period, we estimated 1,104,461 consultations (1,051,868 statutory insurance, 52,593 private insurance) in HRO, and 1,857,640 in KR (1,726,431 statutory insurance, 131,209 private insurance; Fig. 1 ).
To estimate the population-based incidence, we made the following assumptions:
1. The frequency of patients with longer lasting coughs in sentinels would be the same as in all GPs' offices. 2. The distribution of patients with prolonged coughs would not differ between GPs and internists. 3. The relationship between patients with social medical insurance patients and those with private medical insurance would be similar between sentinel physicians and all physicians. 4. The number of patients leaving and entering the catchment area would be the same.
The conversion of sentinel data into population-based incidence estimates was carried out according to a method suggested by Strebel et al. [6] . Briefly, as shown in Fig. 1 , we extrapolated the overall study population from individual data from physicians in conjunction with population and consultation data.
Diagnostic procedures
We received diagnostic samples from a total of 975 patients (24.7%). Other patients fulfilling the inclusion criteria were not included owing to work overload in the physician's office or lack of consent of the patients. A nasopharyngeal swab, pharyngeal washings, and a peripheral blood sample were taken from the patients, when they first presented at the sentinels. We were able to perform PCRs from 974 samples and serology from 965 samples. Nasopharyngeal swabs were immersed into modified AMIES medium with charcoal. Pharyngeal washings were collected into a sterile tube. All samples were transported at an ambient temperature to the laboratory. For tests not immediately performed, samples were frozen at −80°C.
Laboratory tests
Nasopharyngeal swabs were tested for Bordetella-DNA by real-time PCR targeting IS 481 (B. pertussis) and IS1001 (B. parapertussis) [7] . Pharyngeal washings were tested for adenovirus DNA, influenza viruses A and B, human metapneumovirus and rhinovirus RNA by in-house real-time PCRs. In the throat washings, PCR was inhibited in 0.8%. For adenovirus DNA, a 131-base pair (bp) fragment of the hexon gene of human adenovirus type 2 was amplified [8] . For influenza A virus RNA, a 101-bp fragment from the M gene was amplified, and the reverse primer was degenerate. For influenza B virus RNA, an 89-nucleotide fragment from the M gene was amplified [9] . For detection of human rhinovirus RNA, a 67-nucleotide fragment from the 5′-UTR region of the genome was amplified. A second primer pair was added to detect an additional 13 subtypes [10] . For human metapneumovirus RNA, a 200-bp fragment from the N gene was used [11] . Primer and probes for rhinovirus and human metapneumovirus were adapted according to sequence alignment. All real-time PCRs with Ct values of >40 were regarded as negative. Samples with Ct values between 36 and 40 were re-analyzed and regarded as positive, when Ct values were reproducible. PCR-positive samples were regarded as indicative of any agent, irrespective of serological results.
Serology
Serum samples were tested for IgG and IgA antibodies to adenovirus, for IgG and IgA antibodies to influenza virus A and B, for IgG and IgM antibodies to Mycoplasma pneumoniae, for IgA antibodies to human parainfluenza viruses 1-3, and for IgG and IgA antibodies to respiratory syncytial virus (RSV) using ELISAs (all VirionSerion, Würzburg, Germany). IgG and IgA antibodies to pertussis toxin (PT) were measured using an in-house ELISA [12] . Interpretation of serology: commercial ELISAs measured antibodies quantitatively in arbitrary units (AU/ml). The cut-offs of the IgG ELISAs for viral serology were set to detect no antibodies in healthy blood donors and IgA antibodies to viral antigens and/ or IgM antibodies to M. pneumoniae above the cut-off were also regarded as indicative of recent contact. For IgG anti-PT, recommendations of the European reference laboratories were followed [13] , and ≥100 IU/ml and IgA-anti-PT ≥12 IU/ml were regarded as indicative of recent contact. Irrespective of isotype, antibodies to influenza virus A and influenza virus B
were not interpreted as a recent contact, when patients were reported to be vaccinated against influenza or no information about influenza vaccination was available.
Statistical analysis
We calculated statistics using SAS, version 9.4 (SAS Institute, Cary, NC, USA). For continuous outcomes, which were not normally distributed, we used the Kruskal-Wallis test. For categorical outcomes we used the Pearson Chi-squared test. Kaplan-Meier curves were plotted for survival curves depicting persistence of coughing. Censoring criteria were stopping of coughing at any particular week and week 26, because coughing beyond 26 weeks was considered not to be related to the pathogens. p values <0.05 were considered significant.
Results
Between October 2001 and December 2004, a total of 3,946 patients fulfilled the inclusion criteria, of which 2,720 were from HRO and 1,226 from KR. Of these, a total of 975 (24.7%) were included in the study and 67% were female (n = 650). The female/male ratio did not significantly differ between HRO and KR. Median age was 50.2 years (44.8 in HRO, 54.5 in KR) and the range was 18.0-87.8 years.
The algorithm for estimating population-based incidence according to Strebel et al. [6] was applied as outlined in Fig. 1 . In KR the sentinels represented 13.2% of patients with [6] extrapolating the number of patients in sentinels to overall estimates of population-based incidences of longer lasting coughs in German adults social medical insurance and 18.7% of those with private medical insurance. The overall number of patient contacts during the study period (13 quarters) was 228,800 in patients with social medical insurance and 24,570 of those with private medical insurance. In HRO, the sentinels represented 33.9% of patients with social medical insurance and 40.8% of those with private medical insurance. The overall number of patient contacts during the study period (9 quarters) was 357,345 patients with medical insurance and 21,438 patients with private medical insurance.
Burden of disease
As outlined in Fig. 1 , we estimated the overall incidence of longer lasting coughs in adults to be between 1,400 and 2,100 per 100,000 per year. The proportion of smokers in the study population was 26.1% (254 smoked, 718 did not smoke, and 3 provided no data). We had information about the duration of cough from 611 patients. The median duration of coughing, irrespective of the pathogen identified, was 6 weeks, with an interquartile range of 4-11 weeks. No significant difference in the duration of cough was found between patients in KR and those in HRO. The duration of coughing did not differ between smokers and nonsmokers (p value: 0.4975; Fig. 2 ).
The subgroup of 138 patients with assessment of medical resource use and treatment was in respect to gender and age distribution, the subgroup was not statistically different from the overall cohort in respect to gender and age distribution. These patients had a total of 624 contacts related to coughing with their GPs. The mean and median number of contacts was 4·0 per patient (Range: 1-35). A total of 30% (41/138) of the sub cohort were referred to another specialist, i.e. radiologists for a chest x-ray (n = 18) or ENT specialists (n = 14). Overall, 85% of patients were prescribed any type of drug, and these were mostly antibiotics (64%), antitussives (37%), a mucolytic agent (45%) or steroids (17%) ( Table 1) . Among the antibiotics, macrolides, aminopenicillins, and tetracycline were prescribed most frequently. Many of the patients received more than one drug, and 17% of those with antibiotics received more than one antibiotic.
Pathogens and symptoms
We identified a possible infectious cause of coughing in 48.3% of the patients (Table 2 ). Any positive PCR was found in 8 out of /974 cases (8.9%), and any positive serology was observed in 383 out of 965 cases (39.7%). The probability of positive PCR results ranging between 0.6% (human metapneumovirus) and 2.3% (adenovirus) was similar for all pathogens tested with overlapping 95% CIs. The most frequent pathogens identified by serology were adenovirus, RSV, and B. pertussis in decreasing order, with disjunctive 95% CIs in between and compared with all other pathogens with positive tests. Mixed infections occurred in 9.4% and various combinations of positive tests were found, most frequently adenovirus plus RSV, RSV plus B. pertussis, and adenovirus plus M. pneumoniae.
According to the inclusion criteria, all patients coughed for 7 days or more. Table 3 relates the symptoms in patients, from whom information on symptoms were available (n = 733) to the results of the diagnostic tests. The pathogen spectrum in patients filling out the questionnaires did not differ from the overall study cohort. As shown in Table 3 , the patients had coughed for 3 weeks in median (interquartile range: 2-5 weeks) before consulting a physician. Fever was only found in 23.6% on average (228 had fever, 738 had no fever, and 8 provided no data) and 48.6% reported choking (468 choked, 495 did not choke, and 11 provided no data). None of the reported symptoms in the patients with a positive test was significantly different from symptoms found in patients with negative tests. As expected, fever was reported more often from influenza patients, but at a similar frequency also from RSV patients. Figure 3 shows a survival analysis for 596 out of 611 patients who had a positive test for adenovirus, RSV, B. pertussis, influenza viruses, mixed infections, or who had no positive test (15 patients positive for other pathogens were excluded). Overall, patients infected with B. pertussis seemed to cough longer than the others, without reaching significance.
Discussion
For adult pertussis, population-based incidence estimates for patients using medical resources varied between 0.15 and 0.5% per year [2] , and around 1-2% with active surveillance [3] . The sentinel analyzed here estimated the population-based pertussis incidence at 0.16% per year [4] . Thus, the burden of Fig. 2 Kaplan-Meier survival plots comparing the duration of coughing in weeks in smoking and nonsmoking German adults with longer lasting coughs suffering is known for pertussis, but unclear for most prolonged coughing in adults, affecting about 1.4 and 2.1% of the adult population annually. The condition is cumbersome owing to a median duration of coughing of 6 weeks, and it is a substantial burden to the healthcare system. In about half of the patients, a possible pathogen could be identified by the tests used in this study. However, patients visited their physicians only after coughing for 3 weeks in median, thus limiting the clinical relevance of diagnostic findings for therapeutic interventions. The duration of coughing was equal for smokers and nonsmokers and the proportion of smokers in our sample (26.1%) was similar to the 24.5% reported in the 2013 microcensus [14] .
As the average duration of coughing was considerable, it is not surprising that patients visited their GPs frequently, and that drug prescription was frequent. More than 80% of the patients received some drug treatment, and antibiotics, antitussives and steroids were not recommended for these infections [15, 16] . However, probably because of the long-lasting symptoms, 63% of patients received antibiotics, 47% antitussives, and 17% steroids. A retrospective database analysis of drug prescriptions in influenza and influenza-like illnesses of much shorter duration of coughing in Germany [17] showed that in that cohort, around 50% of patients did not receive prescriptions. However, among those who did receive drugs, 40% received antibiotics (63% in our study) and 12% received antitussives (37% in our study).
There are a number of studies linking the pathogens considered in our analyses to ARI. Adenovirus outbreaks of ARI in young adults have plagued the military for some time, and recruits in the USA are vaccinated against adenovirus 4 and 7 [5] . M. pneumoniae is mostly associated with communityacquired pneumonia, and less so with ARI and prolonged coughing [5] . Using active surveillance, Szilagyi et al. [18] found that 13% were caused by coronavirus (not studied here), 12% by rhinovirus (2.8% PCR), 7% by RSV (7.6% serology), 4% by influenza virus (4.0% PCR and serology) and metapneumovirus (0.6% PCR), and 1% by adenovirus (15.1% PCR and serology). In their sample, however, only 39% of patients had a healthcare visit. Another US study [19] showed that among adults with febrile or severe ARI, around 40% were positive for any virus, with influenza virus and rhinovirus the leading causes. The importance of rhinovirus was also stressed by a European study pointing to the role of re-infections with another rhinovirus type [20] . Linking a laboratory database with telehealth service data in the UK, Morbey et al. [21] showed that the greatest burden of ARI was associated with influenza and RSV, and that RSV patients most often complained about coughing.
In our study, we established a role of these pathogens in prolonged adult coughing disease. Similar to the other studies and depending on the inclusion criteria for ARI, every pathogen accounted for only a relatively small proportion of cases. Therefore, targeted diagnostics would be tempting, if guidance by clinical symptoms were possible. Unfortunately, our data gave no hint of the potential role of specific clinical symptoms for either agent. Although a possibly relevant pathogen could be identified in half of the patients, diagnosis was too late for effective therapeutic interventions, as patients with prolonged coughing did not consult their GP before a median of 3 weeks after onset of symptoms.
The strength of our study is the substantial number of sentinel physicians included and the use of two cities for sampling. In accordance with a study from the UK [22] , our cohort also showed a higher consultation rate for women among all age groups. To account for annual variability in the circulation of microorganisms, the study was performed over three winter seasons. However, there are some limitations. The sentinels consisted of GPs and internists who worked as GPs. Thus, we systematically missed few patients who primarily attended specialists such as pulmonologists, or ENT specialists. The age distribution differed between HRO and KR, and patients in x ¼ median P25/P75 25% and 75% limits, HMPV human metapneumovirus Fig. 3 Kaplan-Meier survival plots comparing the duration of symptoms in weeks as related to diagnostic tests in 596 German adult patients with complete information on the duration of coughing. Agents with n < 10 (human metapneumovirus, n = 3; rhinovirus, n = 7; and parainfluenza, n = 5) are not shown in the figure HRO were younger than those in KR, and we could not identify any cause of this. We used nasopharyngeal swabs for B. pertussis PCR, and pharyngeal washings for viral PCRs. Nasopharyngeal swabs are recommended for pertussis, but pharyngeal washing represents a non-optimal material for viral PCRs [23] .
As the patients were coughing for a median of 3 weeks before visiting their physician, the overall sensitivity of PCR testing was reduced, as viral shedding, i.e., for rhinovirus or RSV [20, 24, 25] is mostly shorter. For serology, we only collected an acute serum sample, and could not show titer increases, which would have improved the specificity. Diagnostic serology is relevant for pertussis and mycoplasma infections [13, 26] , and in 9 patients with IgM antibodies to M. pneumoniae, we assumed a polyclonal response to multiple other antigens. Although viral serology is sometimes regarded as obsolete, we have recently shown that applying latent class analysis for validating diagnostic methods in the absence of a Bgold standard,^single-sample viral serology may identify additional cases [27] .
Regarding the external validity of our findings, the sampling period is critical. In respect to influenza, the season 2001/2002 was described as moderate, the 2002/2003 season was strong, and the 2003/2004 season was again moderate [28] . Pertussis occurs in 3-to 4-yearly epidemic waves, and notified cases of pertussis in former East Germany [29] indicated that the study was carried out during an interepidemic period. Therefore, it is possible that the proportion of cases with influenza or pertussis might be higher in other time periods. A more timely publication of our results would have been warranted; unfortunately, the data and analyses could only be generated with substantial delay. However, there is no reason to assume that this invalidates our findings.
In conclusion, our data show that prolonged adult coughing requiring medical attention is a cumbersome condition prompting substantial healthcare use and drug prescriptions. A broad range of pathogens beyond B. pertussis was associated with the symptoms. Unfortunately, most patients sought medical attention too late for these diagnostic procedures to guide efficacious therapeutic interventions.
